Abstract. Bilateral comparison of calibration factor of microwave power sensor was carried out between National Metrology Institute of Turkey (TÜBİTAK UME) and National Measurement and Calibration Center at Saudi Standards, Metrology and Quality Organization of the Kingdom of Saudi Arabia (SASO NMCC). In this comparison, TÜBİTAK UME was pilot laboratory and supplied the travelling standard with N type connector. Nine different frequency points at 0 dBm power level were determined for this comparison in prepared technical protocol. Each participant used their own measurement standards and applied the direct comparison transfer method at comparison. There is a good agreement between TÜBİTAK UME and SASO NMCC results.
Introduction
Calibration factor (CF) is a parameter used for characterization of microwave power sensors. Power sensors have a fundamental importance for traceability of radio frequency (RF) and microwave power measurements. CF of a power sensor is evaluated by comparative measurements using a power sensor with known parameters [1, 2] . There are several methods for power sensor calibration used by calibration laboratories and national metrology institutes. One of the most popular method is called direct comparison transfer method and this method produces relatively low uncertainty [3] [4] [5] [6] [7] . This paper describes a bilateral comparison on power sensor calibration between National Metrology Institute of Turkey (TÜBİTAK UME) and National Measurement and Calibration Center at Saudi Standards, Metrology and Quality Organization of the Kingdom of Saudi Arabia (SASO NMCC). TÜBİTAK UME has a long standing experience in power sensor calibration and SASO NMCC RF & Microwave Laboratory has recently established a new power sensor calibration setup which is working from 100 kHz to 50 GHz with N type, 3.5 mm and 2.4 mm connectors. The main goal of the comparison is to verify newly installed SASO NMCC infrastructure and to assess the standing of SASO NMCC in RF & microwave measurement capability.
Corresponding author: erkan.danaci@tubitak.gov.tr 2 Measured quantity and travelling standard CF of a power sensor has been measured in this comparison and defined as;
where; P DC is the DC power measured by power meter and P IN is the RF power incident to power sensor used as standard at selected frequencies.
TÜBİTAK UME which is pilot laboratory provided a power sensor as a travelling standard for this comparison. A technical protocol in accordance with the BIPM CCEM guidelines [8] was prepared and the both laboratories measured travelling standard according to this protocol. Beside CF, additionally the comparison covers the reflection coefficient measurement of the travelling standard.
HP 8481A model with type N connector power sensor was used as the travelling standard due to being in traceability chain and its stability. Both laboratories measured the travelling standard's CF at the following frequencies at 0 dBm reference power level: 10 MHz, 50 MHz, 500 MHz, 1 GHz, 4 GHz, 8 GHz, 12 GHz, 15 GHz and 18 GHz. The comparison lasted three months.
According to the protocol, the power sensor was measured at TÜBİTAK UME twice in total, before sending the standard to SASO NMCC and after it was returned to TÜBİTAK UME. The participants performed both connector reflection coefficients of travelling standard connector and CF measurements in controlled environmental conditions. For the reflection coefficient measurements, the laboratories used their own vector network analysers. Uncertainties of the CF measurements were calculated according to the Guide to the Expression of Uncertainty in Measurement (GUM), JCGM 100 [9] for the level of confidence of approximately 95%. All the measurement results and uncertainty contributions were evaluated by the pilot laboratory. Comparison reference values and associated uncertainties were analysed and calculated using the measurement results of TÜBİTAK UME.
Measurement methods
The direct comparison transfer method has been chosen as the preferred tool in this study since this method generates relatively low uncertainty. Functional diagram of direct comparison method setup is given in Figure 1 . Both participants used their standards and measurement procedure during their measurements. Devices used during the measurements are listed in Table 1 . Both laboratories used complex reflection coefficient of the standard sensor (STD), travelling standard (device under test, DUT) and the effective reflection coefficient of the power splitter. They carried these values out with their own vector network analysers. In the direct comparison transfer method, standard power sensor and travelling standard were connected to one of output port of power splitter while monitor power sensor (MON) was attached to the other output port of power splitter. Microwave signal was applied to input port of the power splitter and standard then monitor power was measured. After finishing the measurement, STD was disconnected from power splitter port and DUT was connected immediately to same power splitter port. Then, again microwave power was applied to input port and output powers were measured using DUT and monitor power meters. STD, DUT and related monitor powers were used to calculate calibration factor of the DUT. The mismatch correction was applied to each measurement.
CF of DUT was calculated by Equation 2 in this method. (DoE) is calculated by subtracting the reference value from the each measurements (in Equation 5) and its uncertainty is calculated according to the Equation 6. DoEs were given in Table 3 . 
Results

CF values of travelling standard and comparison reference values (X ref ) were given in
ref lab X X DoE (5) 2 lab 2 ref D U U U(6)
Conclusion
Bilateral comparison between TÜBİTAK UME and SASO NMCC was organized. The comparison were completed in three months. Each laboratories measured the traveeling standard using their own measurement setup and procedure. The measurement results show a good agreement between TÜBİTAK UME and SASO NMCC as a conclusion. Degrees of equivalence and uncertainty were calculated. Maximum DoE value is lower than 0.01 and uncertainty is lower than 0.03. The comparison is regarded as successful at all frequencies.
